Objective: Physical functioning is closely associated with cognition. The current study assessed the impact of three cognitive training programs on objective measures of physical functioning across 5 years. Method: Older adults randomized to a processing speed (n = 702), reasoning (n = 694), or memory (n = 703) training intervention were compared with those randomized to a no-contact control condition (n = 698). Intention-totreat (ITT) and treatment-received/dosage (time-varying number of training sessions) analyses were conducted. Results: There were no transfer effects in the ITT analyses. Treatment-received models demonstrated that training sessions (i.e., higher dosage) across all intervention arms transferred to better maintained Digit Symbol Copy and Turn 360 performance relative to the control group. More reasoning training transferred to better grip 
Introduction
Physical functioning, commonly recognized as the ability to carry out physical activities important for daily living, is a principal facet of health, wellbeing, and everyday performance (Painter, Stewart, & Carey, 1999) . Individuals with poor physical functioning are at greater risk for a variety of adverse outcomes including incident disability (Bohannon, 2008) , functional decline (García-Peña et al., 2013) , accelerated cognitive decline (AlfaroAcha, Snih, Kuo, Markides, & Ottenbacher, 2006) , and mortality (Al Snih, Markides, Ray, Ostir, & Goodwin, 2002) . Physical capacity is necessary to successfully navigate the environment and encompasses a number of components and motor abilities with differing degrees of complexity. Similarly, measures of physical functioning vary greatly and range from self-report to objective measures of motor movement abilities, such as muscular strength, locomotion, and coordination. For the purposes of this study, the broad term physical functioning is used to describe objectively measured motor movement abilities.
Increasing cross-sectional (Blankevoort et al., 2013) and longitudinal evidence (Clouston et al., 2013) has demonstrated that physical and cognitive functioning are strongly interrelated in advanced age. For example, better performance on lower limb function and balance, motor speed, grip strength, and composite physical functioning measures have been associated with better cognitive performance (Alfaro-Acha et al., 2006; Blankevoort et al., 2013; Bridenbaugh & Kressig, 2015; Desjardins-Crépeau et al., 2014; Nieto, Albert, Morrow, & Saxton, 2008; Rosano et al., 2005; van Iersel, Kessels, Bloem, Verbeek, & Olde Rikkert, 2008) . Motor functions have also distinguished older adults having no cognitive impairments from those with preclinical and clinical dementia (Kluger et al., 1997) . Overall, consistent positive associations are found between physical functioning and cognition, particularly for fluid abilities such as executive function and processing speed (Anstey, Lord, & Williams, 1997; Atkinson et al., 2010; Buchman, Boyle, Leurgans, Barnes, & Bennett, 2011; Desjardins-Crépeau et al., 2014; van Iersel et al., 2008) . See Clouston and colleagues (2013) for a review.
Pathways to age-related functional deficits are complex and not fully elucidated (Buchman et al., 2011) . Proposed mechanisms range from specific age-related brain changes to a more global deterioration of brain integrity (Clouston et al., 2013) . Observational studies using performance-based and self-report measures have provided mixed evidence. While some have suggested that cognitive functioning decrements may precede (Buchman et al., 2011) or cooccur with (Atkinson et al., 2010) physical functioning degradation, others indicate bidirectional associations (Gale, Allerhand, Aihie Sayer, Cooper, & Deary, 2014) . Experimental work examining practice on a dual task (postural control and memory retest) found that improvement in the memory task cooccurred with postural control improvement (Doumas, Rapp, & Krampe, 2009) . Taken together, these results suggest not only that cognitive and physical functioning are interrelated but also that cognitive processes may be part of a causal pathway to, or share a common mechanism with, physical functioning outcomes. Understanding not only the directionality of declines but also whether improvements in one functional domain will transfer to the untrained functional domain will help develop a better understanding of potential mechanisms.
Cognitive Interventions and Physical Functioning
Methods to enhance or maintain physical functioning often focus on rehabilitation or exercise programs (Gleeson, Sherrington, & Keay, 2014; Lord et al., 2003) , particularly those aimed at improving lower limb extremity strength and balance in at-risk populations. To our knowledge, only four studies have examined whether adaptive interventions that target cognitive abilities, which are closely connected to physical functioning in older adulthood, transfer to physical functioning. The first study (Li et al., 2010) examined the impact of 5 hours of computerized color decision and letter-identity visual discrimination task training on balance, mobility, and leg strength in a sample of 20 community-dwelling adults aged 70 and older. Results revealed immediate posttest improvements in standing balance but not gait speed or chair sit-tostands. Verghese, Mahoney, Ambrose, Wang, and Holtzer (2010) found that 72 hours of Mindfit, a multi-domain cognitive training program, transferred to improved gait velocity (both normal walking and walking while talking), but not to normal pace walking, in a sample of 24 healthy sedentary older adults. Finally, Smith-Ray and colleagues (2013, 2014) conducted two studies examining the transfer of Posit Science's Insight, a multi-domain cognitive training program, to physical functioning. The first study (N = 51) involved 30 hours of training across a 10-week period and found transfer to better Timed Get Up and Go performance, but not gait speed, at posttest using intention-to-treat (ITT) analyses (2013) . Further subsample analyses of participants with poor walking speed at baseline found both transfer effects and increased effect sizes for Timed Get Up and Go and distracted gait speed. The second Smith-Ray study examined the impact of 20 hours of the same multi-domain cognitive intervention across 10 weeks in Black older adults who had a balance impairment (N = 45). Results revealed significant transfer of the intervention to improved Berg Balance Scale and gait speed, but not distracted gait speed, at posttest (2014). Together, these four studies provide evidence in small samples that some adaptive cognitive interventions show potential in preventing gait-and balance-related mobility problems immediately after training.
Although these preliminary studies are promising, the effects of cognitive training on physical function remain unclear due to several important limitations (Albert, Bear-Lehman, & Anderson, 2015) . First, the prior studies included small samples, which may have limited statistical power and generalizability (Smith-Ray et al., 2014) . Second, as Smith-Ray and colleagues (2014) and others (Li et al., 2010) noted, the studies only included immediate posttest, thus limiting the ability to examine maintenance effects, which are important from a public health perspective. Third, three of these studies (Smith-Ray et al., 2013; Smith-Ray et al., 2014; Verghese et al., 2010) used multi-domain interventions. While such interventions may increase the intrinsic motivation to train by preventing boredom and tap multiple important cognitive domains, use of such interventions limits the ability to examine selective effects of individual program components on specific cognitive domains or abilities. Investigation of the essential or most effective intervention components is an important part of current work examining mechanisms of training (Collins et al., 2014; Smith-Ray et al., 2014) . That is, in a multidomain intervention, one training component may be the primary or sole contributor to transfer effects (i.e., the "active ingredient"), but the omnibus effects may be diluted by less-effective or ineffective components (i.e., "inactive ingredients"). Finally, most of the work to date has focused on ITT or subsample analyses and has not included investigations regarding the dosage, or treatment-received, aspect of cognitive interventions (Ross et al., 2016; Smith-Ray et al., 2014) . It is not only important to know how effective a training protocol is under real-world conditions, but it is also necessary to learn whether training effects increase with number of sessions. This would enable more efficiently designed protocols that could be tailored for specific outcomes. The present article addresses these limitations, and examines the impact of three separate cognitive interventions on objective measures of physical functioning across a 5-year period in a multi-site sample of community-dwelling adults. Based on previous evidence, we hypothesized that speed of processing, reasoning, and memory training would transfer to performance on physical functioning tasks (Digit Symbol Copy, Turn 360, and grip strength), and that more pronounced effects would result from higher doses (i.e., more sessions) of training.
Method

Participants
This study utilized secondary data from the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study, a multi-site, randomized clinical trial that investigated the effects of cognitive training on daily health and functional outcomes of 2,802 older adults over a 5-year period. Inclusion criteria for the study were as follows: age 65 or older, visual acuity ≥20/50, intact mental status (i.e., Mini-Mental State Examination score ≥ 23), no health conditions associated with cognitive impairment, sound verbal communication skills, no difficulties performing activities of daily living, and no recent participation in cognitive training. Eligible participants completed a baseline assessment and were then randomly assigned to a cognitive training or control condition. Five participants were removed from the sample due to incorrect randomization to booster training resulting in 2,797 participants randomized to the speed of processing training arm (n = 702), reasoning training arm (n = 694), memory training arm (n = 703), or a no-contact control arm (n = 698). At baseline, participants were an average of 73.6 years old (SD = 5.9) and reported 13.5 years of education (SD = 2.7). The sample was 75.8% female and 26.7% non-White. Descriptive statistics for each arm are displayed in Table 1 . Extensive details about ACTIVE can be found elsewhere (Jobe et al., 2001; Willis et al., 2006) , ClinicalTrials.gov (Identifier NCT00298558).
Study Design and Procedures
ACTIVE includes an extensive number of primary and secondary outcomes, along with covariate measures, as detailed in Jobe and colleagues (2001) . Baseline cognitive, physical functioning, lifestyle factors, and health assessments were conducted between 1998 and 1999. Participants were then randomized to one of three cognitive training arms or the no-contact control arm. The initial cognitive training interventions consisted of 10 sessions, 60 to 75 min each, administered over a 6-week period. Certified trainers conducted the training using standardized procedures with groups of three to four participants. Participants in all training conditions received feedback on their performance after each block of trials and experienced the same amount of social contact with the trainers. Follow-up assessments were conducted approximately 2 months (posttest), 1 year, 2 years, 3 years, and 5 years after baseline testing. Turn 360 and grip strength were not assessed at either the immediate posttest or the 1 year postintervention. Compliant trained participants (i.e., completed at least eight training sessions) were randomized to either receive an additional four booster sessions prior to assessments in Years 1 and 3 (for a total of eight possible booster sessions), or randomized to not receive additional booster training.
Speed of processing training. This was process-, computer-based training, focused on improving the display speed at which participants could correctly identify increasingly complex displays of visual information. Training involved feedback and practice of perceptual exercises. The exercises focused on speed of processing (stimulus identification), divided attention, selective attention (e.g., divided attention and inhibition), and selective attention with a central discrimination task (Ball, Edwards, & Ross, 2007; Jobe et al., 2001 ). Note. Chi-square and ANOVAs revealed that study arms did not differ on any variables at baseline.
Reasoning training. This training was conducted using paper-and-pencil tasks designed to improve linear problem solving. Training involved practice and feedback on identifying patterns or sequences, such as finding the pattern in a series of repeating letters or identifying dosage patterns of medications (Jobe et al., 2001; Willis & Caskie, 2016) .
Memory training. This training was conducted using paper-and-pencil tasks designed to teach mnemonic strategies focused on verbal episodic memory. The training involved practice and feedback with organizing materials into meaningful categories that would promote transfer to everyday functioning (e.g., remembering lists of errands, grocery shopping, etc.; Jobe et al., 2001; Rebok et al., 2013) .
No-contact control. Participants randomized to this arm came to the study sites for all assessments. No intervention was conducted with this arm.
Measures
Physical functioning Digit Symbol Copy. Fine motor, visuomotor coordination, and motor speed (Kreiner & Ryan, 2001) were assessed using Digit Symbol Copy (Wechsler, 1981) . After receiving a demonstration and then successfully completing four practice items, participants were asked to copy 93 symbols as quickly as possible into empty boxes below the symbols. Scores were the time it took to complete the task with higher scores reflecting worse performance.
Turn 360 Test. Measurement of complex gross motor coordination (i.e., lower limb functioning and dynamic balance) was assessed with the Turn 360 Test (Steinhagen-Thiessen & Borchelt, 1999) . Participants were asked to turn in a complete circle as quickly and safely as possible while observers recorded the number of steps required to complete each turn. Scores were calculated by taking the average number of steps across two trials, with fewer steps indicating better performance.
Grip strength. Grip strength, a measure of gross motor muscle functioning, was measured using the Jamar hydraulic hand dynamometer by Lafayette Instruments. The handheld dynamometer has been shown to be a reliable and valid instrument in older adults, even in those with moderate to severe cognitive impairments (Al Snih et al., 2002; Syddall, Cooper, Martin, Briggs, & Aihie Sayer, 2003) . Two trials of grip strength, recorded in kilograms (kg) and rounded to the nearest whole number, were obtained for the participant's reported dominant hand using a standardized script and protocol (Jobe et al., 2001) . The grip strength test was waived if participants reported having hand or arm surgery during the last 3 months, tendonitis, recent worsening of pain, or arthritis. If performed, the two trials were averaged to yield a composite measure of grip strength, with higher scores reflecting greater strength.
Training
Three separate effects-coded variables were created which compared individuals randomized to the control group (−1) to each individual training group (1). The number of training sessions participants received ranging from 0 (those in the control group) to 18 (those who received all booster sessions) was used as a time-varying measure of dosage (treatment received).
Covariates
Demographics. Age, years of education (0-20), sex (female = 1; male = 0), and race (non-White = 1 or White = 0) were included as covariates as prior work found that older age (Clouston et al., 2013) , lower educational attainment (Honjo, Iso, Ikeda, Inoue, & Tsugane, 2009 ), female sex (Blankevoort et al., 2013) , and non-White race (Rantanen et al., 1998) were predictive of lower physical functioning. Age and education were centered on the grand mean for the sample.
Self-reported physical functioning. The Baseline Physical Functioning subscale of the SF-36 functional health and well-being survey was used to assess perceived physical functioning within the context of daily life (Ware & Sherbourne, 1992) . Perceptions of physical function are indicative of underlying health conditions that may influence both cognitive and physical abilities (Cress et al., 1995) . Scores range from 0 to 100, and higher scores indicate better perceived physical functioning. Physical functioning was centered on the sample grand mean.
Analyses
Chi-square and ANOVAs were conducted to assess if the study arms differed at baseline on the variables of interest (Table 1) . To assess change in physical functioning, all three outcome variables were independently standardized at each time point by first subtracting the baseline mean and then dividing by the baseline standard deviation. Time was scaled as a time-varying measure reflecting the number of months since the baseline assessment (i.e., 2-month posttest and 1-, 2-, 3-, and 5-year follow-up assessments). Base models were developed for each outcome prior to examining potential training transfer effects using the control arm of the study (n = 698). Development of base models involved examining the impact of demographics (age, education, sex, and race) and baseline physical functioning, as well as Time × Covariate interactions, for each outcome. Nonsignificant covariates and interactions were removed from each base model, resulting in one final base model per outcome measure.
Three separate intention-to-treat (ITT) mixed-effects analyses assessed the effect of randomization to each individual training arm (speed of processing, reasoning, or memory) versus the control arm on each outcome without consideration of adherence to the training. Treatment-received mixed-effects analyses were also conducted to account for noncompliance and assess the impact of actual training received (rather than randomization to training arm/ ITT analyses) on each outcome using number of training sessions received as a time-varying predictor. The treatment-received models included all participants in the control and respective training group arms. Analytic samples differed by model depending on final outcome and covariates, and are included in Tables 2 through 4. All models used restricted maximum-likelihood estimation with an unstructured covariance matrix and were conducted with SPSS, version 22. Random-effects estimates are unstandardized and significance was evaluated at p < .05.
Results
Chi-square and ANOVAs revealed that the study arms did not differ at baseline on the outcomes or covariates. Note. Higher scores on Turn 360 indicate worse performance. Final analytic samples with complete baseline outcome and covariate data were speed of processing training (n = 673), reasoning training (n = 667), memory training (n = 678), and control (n = 673). Est. = unstandardized estimate, CI = confidence interval.
Digit Symbol Copy Time
*p < .05. **p < .01. ***p < .001. Note. Higher grip strength scores indicate better performance. Final analytic samples with complete baseline outcome and covariate data were speed of processing training (n = 592), reasoning training (n = 581), memory training (n = 595), and control (n = 609). Est. = unstandardized estimate, CI = confidence interval. Table 2 and Figure 1 ).
Turn 360
Turn 360 base model. Base models developed using the control study arm revealed that non-White race ( [SE = 0.003], p = .004; 95% CI = [−0.013, −0.003]) predicted better Turn 360 across the 5 years relative to the control group (see Table 3 and Figure 1 ).
Grip Strength
Grip strength base model. Base models developed using the control study arm revealed that non-White race ( Table 4 and Figure 1 ).
Discussion
To our knowledge, this is the first study to examine the impact of three different cognitive interventions on multiple objective physical functioning measures across 5 years. Current results demonstrate that the number of sessions of speed of processing, reasoning, and memory training was positively related to performance on motor coordination/speed and dynamic balance measures across 5 years in a large sample of community-dwelling older adults.
Importantly, the training sessions did not improve physical functioning compared with baseline, but rather, higher doses of cognitive training (i.e., more sessions) mitigated physical functioning declines across 5 years relative to the control group. These results are in line with Smith-Ray and colleagues ' (2013, 2014) work, which found transfer to gait speed with visual distraction and dynamic balance outcomes after 20 to 30 hours of multi-modal interventions. Similar to the Timed Up and Go and Walking With Visual Distraction tasks, tests such as Digit Symbol Copy and Turn 360 require complex neuromuscular coordination for successful performance. Because cognitive functioning is closely related to complex motor functions, including motor speed and coordination, gait, and balance (Hausdorff, Yogev, Springer, Simon, & Giladi, 2005) , it is not surprising that cognitive interventions targeting these basic abilities would transfer to Digit Symbol Copy and Turn 360. However, this study provides a key link to the growing research area by addressing limitations identified in prior work such as increased sample sizes and longitudinal data (Li et al., 2010; Smith-Ray et al., 2013; Smith-Ray et al., 2014) . Given the importance of physical functioning, these far-transfer effects are noteworthy. Additional far-transfer effects to everyday functioning have been observed. For example, speed of processing training has demonstrated transfer to performance-based instrumental activities of daily living (IADLs) at immediate posttest (Edwards et al., 2005) , self-reported IADLs across 10 years (Rebok et al., 2014) , driving safety and mobility across 5 to 6 years (Ball, Edwards, Ross, & McGwin, 2010; Ross et al., 2016) , and maintained health and decreased health expenditures across 5 years (Wolinsky et al., 2009; Wolinsky et al., 2010) . Reasoning training transferred to maintained driving safety and mobility across 5 to 6 years Ross et al., 2016) as well as self-reported IADLs across 10 years (Rebok et al., 2014) . Interestingly, while speed of processing and reasoning training maintained targeted cognitive effects across 10 years, memory training did not demonstrate such maintenance effects on memory although individuals who received memory training did report better IADLs across 10 years (Rebok et al., 2014) . Cognitive training programs clearly demonstrate differential maintenance and transfer effects highlighting the importance of carefully examining the specific outcomes, follow-up time periods, and training methods when examining the efficacy of training programs.
All three cognitive interventions (speed of processing, reasoning, and memory training) transferred to maintained Digit Symbol Copy and Turn 360 performance across 5 years; however, only reasoning training demonstrated benefits to grip strength. To our knowledge, this is the first study to examine cognitive training and grip strength; thus prior research for comparison is lacking. The physical and cognitive loads of this task are relatively limited as compared with the dynamic and complex motor tasks required by Digit Symbol Copy and Turn 360. Higher order cognitive abilities (i.e., spatial and verbal) have differentially predicted grip strength across 20 years (Sternäng et al., 2016) . This may help explain why only reasoning training, which targets higher order executive function abilities (Jobe et al., 2001 ), transferred to grip strength. As a relatively simple motor movement, grip strength may be less affected by central processing degradations than more complex motor movements, and at the point in which grip strength is noticeably diminished, central processing integrity may already be significantly compromised. However, further research is needed before these relationships can be fully explained.
Increased interdependence of cognitive, sensory, and motor systems appears to occur in later life. Indeed, evidence suggests that age-related increases in attentional demands for certain types of movements, including those involving somatosensory information and visual feedback, result in an increased reliance on the prefrontal cortex and basal ganglia for motor control (Seidler et al., 2010) . These areas of the brain also appear to be particularly important for higher order cognitive processes and dual-task demands (Hertzog, Kramer, Wilson, & Lindenberger, 2008; Seidler et al., 2010) , but are paradoxically susceptible to earlier and more pronounced age-related declines (Hertzog et al., 2008) . Thus, interventions targeting these areas may effectively mitigate age-related functional declines, particularly among functions with cognitive and motor control components. The differential results by outcome measure in the present study lend support to this hypothesis. Digit Symbol Copy and Turn 360 assessments require integration of cognitive and motor abilities, constituting a complex dual-task environment. Moreover, both these tasks require greater involvement of somatosensory information and visual feedback than does the grip strength test.
The current study, together with prior similar work (Li et al., 2010; SmithRay et al., 2013; Smith-Ray et al., 2014; Verghese et al., 2010) , clearly demonstrates that cognitive training has the potential to affect physical functioning. Greater amounts of cognitive training across all three interventions resulted in blunted declines in Digit Symbol Copy and Turn 360; however, only reasoning training reduced grip strength declines. This indicates that gross motor functioning may be more difficult to target via cognitive interventions and require higher order cognitive training programs, possibly due to the low cognitive burden required to perform gross motor tasks.
The exact mechanisms of training transfer are unknown. Proposed mechanisms of these transfer effects range from specific age-related brain changes to a more global deterioration of brain integrity (Clouston et al., 2013) . Functional brain imaging has shown stronger and more pervasive brain activation in older adults relative to younger adults when performing simple and complex motor movements (Heuninckx, Wenderoth, Devaere, Peeters, & Swinnen, 2005) . Furthermore, recruitment of cognitive resources increases when performing complex coordination tasks (Buckner, 2004; Cabeza, 2001; Cabeza, Anderson, Locantore, & McIntosh, 2002; Reuter-Lorenz, 2002 ) such as complex dual cognitive and physical function tasks (e.g., Turn 360). It is possible that cognitive training may directly or indirectly delay age-related decreases in nervous system processing, which would result in better physical functioning. Furthermore, the improvements in physical function were found even after controlling for baseline-reported physical function, reducing the likelihood that such effects are a result of baseline perceptions of physical functioning or well-being. Similarly, prior work has found that speed of processing training effects was not due to socialization, changes in self-efficacy, or other placebo effects using mediational analyses and active control groups (Edwards, Ruva, O'Brien, Haley, & Lister, 2013; O'Brien et al., 2013; Ross et al., 2016; Sharpe, Holup, Hansen, & Edwards, 2014) .
Given the small magnitude of the effects, in comparison with those found with exercise and rehabilitation programs, we are not suggesting that cognitive training be proposed as the best intervention to improve physical functioning. Rather, these results provide further experimental support for the interconnectedness of cognition and physical functioning across time. In addition, given that the patterns of transfer varied by intervention type, these results provide further evidence that transfer mechanisms may differ by cognitive training program approach. Future work should focus on the mechanisms underlying such transfer effects. Hypothesized mechanisms of such neural plasticity include increased neurogenesis, synaptogenesis, and myelin remodeling (O'Rourke, Gasperini, & Young, 2014) . Unfortunately, data allowing direct examination of possible mechanisms were not available in the current study and remain unknown. However, taken together, current and prior results provide a compelling argument for future work examining causal processes.
In terms of significant covariates race, Age × Time (i.e., over time, older adults had steeper physical function declines), and poorer self-reported baseline physical function were consistent predictors of poor physical function. Non-White participants had worse performance on Digit Symbol Copy but better performance on Turn 360 and grip strength. This is consistent with previous work highlighting the importance of age-related changes in physical function and extends previous work by demonstrating the importance of race in physical function (Clouston et al., 2013) . Previous work suggests that the impact of race on physical function measures is not consistent across measures (Rantanen et al., 1998) , and these findings also demonstrate the complex relationship between race and physical function. The current findings may also elucidate prior work which found that a multi-component cognitive intervention significantly improved balance with large effect sizes in a sample of Black participants who were at risk of mobility difficulties. In comparison, the current sample was predominantly White and had small effect sizes. It may be that the benefits of cognitive training are enhanced in at-risk or non-White samples, and future work should continue exploring differential intervention effects among various subgroups of older adults (SmithRay et al., 2014) .
Conclusion
In conclusion, this study found significant far-transfer effects between three distinct cognitive training interventions and three objective measures of physical functioning over a 5-year period among healthy older adults. The current study contributes salient information to the literature as the first study to demonstrate that cognitive training may longitudinally affect physical functioning. In addition, this study highlights the importance of considering dosage (treatment-received) effects as well as differential transfer effects to individual domains of physical functioning.
Future research should continue to explore the interplay between cognitive and physical functioning, particularly interventions that target these areas. Investigators should focus on elucidating the mechanisms behind fartransfer effects, other measures of physical functioning (e.g., gait speed), differential effects of cognitive training programs, and more diverse samples (e.g., older adults with physical functioning impairments). Future work should also examine whether the changes in cognitive performance explain the longitudinal changes in physical functioning. This line of research has important public health implications, given the importance of both cognitive and physical functioning for older adults' independence, health, and well-being.
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